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2~x  STUDY OF THE DIASTOLIC WAVES OF THE VENOUS  PULSE, WITH 
ESPECIAL  REFERENCE  TO  THE  POSSIBILITY  OF  A  WAVE 
DUE TO THE CONTRACTION OF THE VENOUS REGION 
OF TIIE MAMMALIAN HEART.  1 
BY  J.  A.  E.  EYSTER. 
(From the Pharmacological Laboratory of the  University of  Virglnia.) 
PLATES XX  AND XXI. 
The following communication  is based on the study of the ven- 
ous pulse tracings from sixty normal  men,  venous pulse tracings 
obtained from dogs by the use of an intraauricular or intravenous 
sound, and finally  the effects  produced on the venous pulse waves of 
the dog by extrasystoles  arising from stimulation of the venous or 
so-called sinus region of the heart. 
Methods.---The venous pulse in man was recorded with the arte- 
rial  pn|se from the carotid artery,  in some eases with the apex beat, 
by the usual technique.  A  Mackenzie  transmitter was  employed 
and was connected with a delicate  recording  tambour with  compound 
lever.  In the work on dogs, the auricular or venous pulse curves 
were obtained by the use of the venous sounds described and em- 
ployed by Fredericq  (I).  In large dogs under morphia-ether  anes- 
thesia,  about  eight  centimeters  of  the  external  jugular  vein  were 
dissected  free and carefully cleaned.  Four to six centimeters  were 
then  removed,  everted  over  the  large  end  of  the  sound  and  tied. 
The  sound  was then  introduced  into  the  vein  at  varying  depths  or 
directly into the  right  auricle  and  connected with  a  recording  tam- 
bour.  The  arterial  pulse  from  the  carotid  artery  was  recorded 
simultaneously on the record by means of a Hfirthle manometer, and 
in most of the experiments the pressure changes in the left ventricle 
were recorded also by means  of a  ventricular  sound connected with 
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a  second  Hiirthle  manometer.  In  these  experiments  the  thorax 
was not opened.  In three experiments,  extrasystoles were obtained 
by stimulation  of  the  venous  region  of  the  heart  and  the  auricles 
with  single  induction  shocks.  The  technique  used  to  record  the 
venous  pulse  in  these  experiments  was  the  same;  the  thorax  was, 
however,  opened under  artificial  respiration  after preliminary  liga- 
tion  of the  internal  mammary  arteries  and  the  ventricular  contrac- 
tions  recorded  directly by air  transmission,  the tip  of the  ventricle 
being  attached  by a  thread  to  a  transmitting  tambour  which  con- 
nected with  a  recording  tambour writing  on the  record.  A  stimu- 
lating  electrode  was  applied  to  the  venous  region  of  the  heart  or 
to  the  auricle  and  the  incidence  of  stimulation  with  single  induc- 
tion shocks recorded by means of a magneto pen in the primary cir- 
cuit.  The air used for artificial respiration in the experiments with 
open  chest  was  warmed,  and  in  order  to  prevent  the  very  rapid 
heart  rate  which  is  usually present  in  the dog under  these  circum- 
stances,  following the suggestion of Henderson  (2), the dead space 
was increased to one hundred centimeters  or more. 
WAVES  ON  THE  VENOUS  PULSE  IN  MAN  IN  THE  INTERVAL  BETWEEN 
THE  V  AND  A  WAVES. 
Historical.--In  recent years a  number  of observers have noted a 
wave on the venous pulse  occurring  in  diastole  in  the  interval  be- 
tween  the  v  wave and  the  a  wave of  the  following  cardiac  cycle. 
A  division of the v wave into two parts,  a  late systolic and an early 
diastolic  portion,  the  division  corresponding  in  time  to  the  closure 
of the aortic semilunar valves as shown by the dicrotic notch on the 
carotid  tracing,  has  been  noted  by  Bard  (3),  Mackenzie  (4), 
Wenckebach  (5)  and others in man, and by Fredericq  (I)  and Her- 
ing  (6)  in venous pulse curves obtained  from  dogs.  The gradual 
rise of venous pressure  following the v  wave and continuing  up to 
the  next  auricular  wave,  especially evident  in  slow heart  rate,  has 
been also noted,  and  is  designated  in  the  German  literature  by the 
letter s  (" Stauungswelle")  (Rihl  (7)).  The  first description  of 
separate and distinct positive wave in the late diastolic period, or the 
period of diastasis of the heart  (Henderson  (8)),  was made about 
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(9)  in man.  The tracings published by Theopold (IO) in the same 
year  show  a  similar  wave  during  vagus  stimulation.  Fredericq 
found that the wave observed by him occurred only with slow heart 
rate but suggested no explanation.  Hirschfelder states  that  while 
a  positive wave on the venous pulse between the v  and the a  wave 
of the next cardiac cycle is  only occasionally present, it is probably 
the  expression  of  a  normal  occurrence  in  the  heart  during  this 
period.  He has designated this wave by the letter h, and has offered 
as a possible explanation the floating together of the tricuspid valves, 
which, according to the  view of Henderson  (8),  occurs  following 
the period of most active ventricular filling.  The  same wave was 
described by Gibson  (II)  a  few months later.  Gibson designated 
this wave on his tracings by the letter b and offered a similar explan- 
ation  to  the  one  advanced  by  Hirschfelder.  Gibson  noted  the 
presence of a third heart sound in two of the five cases in which this 
wave was present and advanced the opinion that the wave and the 
sound are expressions of the same occurrence in the heart.  Thayer 
(i2)  noted  the  relation of  the  diastolic venous  pulse  wave to  the 
third  heart  sound,  the  protodiastolic  elevation  of  the  cardiogram 
and the shoulder of the ascending limb of the volume curve of the 
ventricle.  He  regarded  the  evidence  to  be  in  favor  of  the  view 
that the sound and wave were produced by a  sudden tension of the 
auriculo-ventricular  valves  occurring  at  the  end  of  the  first  and 
most rapid  phase  of cardiac filling. 
Results from  the Study  of the  Venous Pulse Tracings Obtained 
from Normal Men.--The  occurrence of waves on the venous pulse 
curve from normal man between the v  and a  waves depends appar- 
ently upon two factors, the heart rate and the delicacy of the record- 
ing mechanism.  The a, c and v waves are evidently the predominat- 
ing waves on the venous pulse, and if the heart rate  is  faster than 
a certain maximum, any additional waves which may be present are 
obscured by the v wave and the following a wave.  It is the interval 
between the v  and a  waves which especially varies with changes in 
cardiac  rate.  An  increase  of  cardiac  rate  is  associated  with  an 
approach and partial fusion of the v and a waves, a decrease in rate, 
on the other hand,  with a  separation of these two waves.  In the 
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fast  and  the  recording  apparatus  sufficiently  delicate,  one  or  two 
waves are apparent  on the venous pulse tracing in this interval.  A 
heart  rate  of  seventy  will  in  nearly  all  cases  show  one  of  these 
waves.  This  wave,  from  its  position  and  character,  is  evidently 
the  wave designated  by Hirschfelder  as  h  and  by Gibson as  b.  A 
somewhat slower heart  rate  will in many cases, but not  invariably, 
show the  addition  of  a  well-developed wave between the  h  and  a 
waves.  This  wave is  designated  in the  tracings  by x.  Plate  XX, 
Fig.  I, shows this wave in the jugular tracing obtained from a  nor- 
mal  individual  with  a  heart  rate  of fifty-eight beats to the  minute. 
Increase of the heart rate by exercise leads to a  disappearance  of 
both the h  and x  waves, the shortened diastole being manifested by 
an approach of the v and a waves.  Plate XX, Fig. 2, shows a trac- 
ing from the same individual  from whom the tracing shown in Fig. 
I  was  obtained,  after  exercise  with  a  pulse  rate  of  ninety-eight 
beats to the minute.  The  importance of the  length  of the cardiac 
cycle in the development of these waves is shown in the three car- 
diac cycles reproduced  in  Plate XX,  Fig.  3.  The  first of these. A, 
has  a  total  length  of  o.95  second.  It  shows  a  well  developed  h 
wave but no x  wave.  B, the third  subsequent  cardiac  cycle, has  a 
length of one second, and it may be seen that  the increase in length 
is mainly the result of an increase in the interval between the begin- 
ning  of  the  h  wave  and  the  beginning  of  the  following  a  wave. 
The  h  wave  in  this  cycle  shows  indications  of  a  division  into  h 
and x  waves, and  in the  fourth  subsequent cardiac cycle, shown in 
C,  there  is  distinct  x  wave with  a  longer  h-a  interval  than  in  the 
preceding cycles.  The same conditions leading to the development 
of an x  wave are evident in the two cardiac  cycles shown in  Plate 
XX, Fig. 4.  The first of these, A, is a  few hundredths  of a  second 
shorter  than  the  fourth  subsequent  cycle from  the  same individual 
shown  in  B.  In  B,  the  h-a  interval  is  greater,  and  an  x  wave, 
scarcely evident in A, is shown distinctly separated from the h wave 
in/?. 
The x  wave would seem, therefore, to be a  normal  occurrence  in 
the cardiac cycle, and its presence to be conditioned,  in part at least, 
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vent  its  obliteration by  the  h  and  a  waves.  The  .,c  wave  is  not, 
however, invariably present  when this  condition is  fulfilled.  This 
may mean the absence nnder certain conditions of those occurrences 
which produce it, or its failure to be recorded upon the tracing due 
to  lack  of sufficient delicacy in the  recording mechanism.  The  h 
wave, however, according to the experience of the present writer, is 
always present when the cardiac rate is  sufficiently slow to prevent 
its confusion with the v  and a  waves. 
THE I-I WAVE IN TtIE VENOUS PULSE TRACINGS FROM DOGS. 
The  presence  of  an  h  wave  in  venous  pulse  curves  from  dogs 
seems to be conditioned by the same factors as condition its appear- 
ance  in  man,  namely,  a  slow  heart  rate  and  delicate  recording 
apparatus.  When  the  v  wave  approaches  close to  the  a  wave of 
the next cycle, due to increase in pulse rate,  the h  wave disappears 
or  is  obscured  by  the  a  wave.  Plate  XXI,  Fig.  5,  is  a  tracing 
obtained from a dog with unopened thorax.  The uppermost curve 
is the venous pulse  for the right auricle.  The  second curve  from 
the top  is the left intraventricular pressure,  the third  curve  is  the 
arterial pressure from the left common carotid.  The slowing of the 
heart that occurs toward the middle of this tracing is the result of 
stimulation of the vagus by a  weak faradic current.  The h  wave, 
at first not present, becomes evident as the heart rate is slowed, and 
disappears again as the rate increases. 
The  h  wave,  therefore,  is  a  normal  wave  in  man and  the  dog. 
Its presence  on a  venous pulse tracing depends  upon  a  sufficiently 
slow cardiac rate to prevent interference by the following auricular 
contraction.  It  is  purely a  diastolic wave and  lengthening of the 
cardiac cycle is mainly manifest by an  increase  in the distance be- 
tween the h  and a waves. 
An additional wave on the venous pulse of the dog between the h 
and a  waves has not been observed in these experiments, though in 
a  number  of  cases  the  cardiac  rate  has  been  sufficiently slow  to 
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CONSIDERATION  OF  TIlE  POSSIBILITY  OF  TIlE  X  WAVE  REPRESENTING 
A  CONTRACTION  OF  THE  VENOUS  OR SINUS  REGION  OF  THE  HEART 
AND  THE  BEHAVIOR  OF  THIS  REGION  IN  EXTRASYSTOLES. 
Evidence frown the Literature for the Presence of Contraction in 
the  Nenolts  Region of the  Heart and  the Occurrence  of the Condi- 
tion  of Sino-auricular  Block.--A number  of  observers  have  noted 
definite  rhythmical  contractions  in the  region  of the  mouth  of  the 
great  veins  in hearts  in situ,  dying  from  asphyxia,  and  in  excised 
hearts when the perfusion is interrupted.  Each venous contraction 
may be followed by an auricular  systole, or there  may be evidence 
of a  partial  veno-auricular  block, shown by the auricles  contracting 
to every second, third  or  fourth beat of the vein.  This  latter  con- 
dition  has been described in  partially  asphyxiated  hearts  in situ by 
Hering  (13)  and by Hirschfelder  and  Eyster  (I4),  and  in excised 
hearts  by  Hering  (15)  and  by  Erlanger  and  Blackman  (16). 
Wenckebach  (I7),  Hirschfelder  (I8),  Hewlett  (19)  and  Rihl 
(20)  have reported clinical cases in which the venous pulse showed 
an occasional interval between two auricular beats equal to two nor- 
mal  auricular  cycles.  The  assumption  in these cases has been that 
in the  interval  there  was a  beat of the  vein or  sinus  region  of  the 
heart,  and in consequence of the presence of a partial veno-auricular 
or sino-auricular block, the impulse did not reach the  auricle.  The 
evidence  for block in these cases is hence purely indirect;  no  wave 
which  could be referred  to  a  contraction  of  the  sinus  region  was 
present.  Erlanger  and  Blackman  (16)  have  produced  a  similar 
condition,  as shown by the auricular  rhythm,  in the excised rabbit's 
heart by placing the  region  of the great  veins under  slight  torsion. 
No  one,  so  far  as  I  am  aware,  has  observed  contraction  of  the 
venous region of the heart under  approximately normal  conditions, 
and  while  it  seems  unquestionable  that  this  region  may  manifest 
contractility under  the  influence of asphyxia and  perhaps  other ab- 
normal conditions, the question as to whether it normally shows con- 
tractility is an open one. 
Does the x  Wave Represent a Contraction of the  Venous Region 
of  the Heartf--In many  cases  in  man,  the x  wave precedes  the  a 
wave by a  period of time no greater  than the a-c interval.  Under 
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tion of the venous or sinus region of the heart.  It has been shown 
by  Hirschfelder  and  Eyster  (I4)  that  in  the  dog  in  the  case  of 
extrasystoles  arising  from  stimulation  of the  venous  region  of the 
heart,  the  impulse  is  transmitted  to  the  auricle  with  a  period  of 
veno-auricular  or sino-auricular  col~duction which  is somewhat less 
than  the  time  consumed  in  auriculo-ventricular  conduction.  The 
following fact is, however, strongly against the interpretation  of the 
,," wave as a sinus wave, and would tend to show that it is a diastolic 
wave conditioned  by some  factor  occurring  toward  the  end  of the 
period  of  diastasis.  If  the  length  of  a  number  of  cardiac  cycles 
varies slightly in a  tracing which shows a  well developed x  wave, it 
may be seen that  it  is  largely  the x-a  interval  which  is  affected in 
this variation.  In other words, a  lengthening  of the cycle is mani- 
fested by an  increase  in  the  separation  of the x  and  a  waves;  the 
difference in length  of any two cycles is manifested by an approach 
or  divergence  of  the  x  wave and  the  a  wave of  the  next  cardiac 
cycle.  Plate XXI, Fig. 6, shows three cardiac cycles of slightly dif- 
ferent  length.  The  pulse  rate  is  sixty  to  the  minute.  The  first 
cycle shown in  this  tracing  is the shortest;  it shows an  h  wave but 
no x  wave.  The x  wave is clearly evident in the next cycle.  The 
third  and  longest cycle shows a  separation  of the x  wave from the 
a  wave,  which  is  equivalent  to,  so  far  as  can  be determined  from 
measurement,  the difference in length  between the second and third 
cycles.  The x-a interval  is represented by the distance between the 
scratch  lines 3 and 4.  The difference in length  between the second 
and  third  cardiac  cycles is  represented  by the  distance between the 
scratch marks numbered 5 and 2.  Plate XXI, Fig.  7, shows a  trac- 
ing  from the  same  subject when  the  heart  rate  was  forty-three  to 
the minute.  The x  wave is separated  from the a  wave by a  much 
longer  interval  than  in  Fig.  6,  and  there  is  a  considerable  period 
before the a  wave in which the venous pulse is quiescent and  shows 
no wave.  It would seem from the above considerations  that  the x 
wave is  a  true  diastolic  wave and  referable to  some change  in  the 
flow of blood occurring during this part of the cardiac cycle. 
The  Venous  Pulse in Extrasystoles of  the Heart Arising from 
Stimulation of the  Venous Region.--The  fact  that  an  extrasystole 
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great veins just beyond their place of entrance into the right  auricle 
has  been  shown  by a  number  of  observers.  Whether  the  region 
stimulated  actually contracts  as  a  result  of this  stimulus  or  simply 
develops  and  transmits  the  impulse  to  the  auricle  has  never  been 
determined.  Hirschfelder  and  Eyster  (14)  showed  in  the  dog 
that  stimulation  of  the  superior  vena  cava  near  the  auricle  pro- 
duced  an  extrasystole  of  the  heart  with  an  interval  between  the 
incidence  of the  stimulus  and  the  contraction  of the  auricle  which 
was o.o2  to o.o4 of  a  second  longer  than  the  latent  period  of  the 
auricle  to  stimuli  applied  directly  to  it.  There  was  thus  demon- 
strated  a  veno-auricular  conduction  period  which  varied  between 
o.o2 and o.o4 of a  second.  This period of time was evidently con- 
sumed by the impulse, set up in the vein as a  result  of the stimulus 
in passing  from the vein to the  auricle.  That  the  conduction  is  a 
physiological  one  and  not  due  to  spread  of  electrical  current,  was 
indicated,  in  the  first  place,  by the  time  consumed  in  the  conduc- 
tion; secondly, by the fact that  it occurred  from mechanical  as well 
as electrical  stimulation  of the vein; and  finally the passage  of the 
impulse was prevented  if the vein close to the  auricle  was  crushed 
in  a  clamp,  continuity being  preserved  so as  not  to  interfere  with 
electrical  conductivity.  These  results  led  to  the  conclusion  "that 
there  is  a  physiological  as  well  as  anatomical  path  connecting  the 
superior vena eava with the two auricles, which conducts an impulse 
arising in the  former to the latter according to physiological laws." 
The question as to whether or not the region of the mouth of the 
great veins contracts when stimulated  seemed to offer the best hope 
of  solution by stimulation  of  this  region  during  the  latter  portion 
of  diastole  and  noting  the  effect on  the  venous  pulse  tracing.  If 
the  cardiac  rhythm  is  sufficiently  slow  to  give  a  distinct  interval 
between the h  and  a  waves, during  which time the  venous pulse in 
the dog is quiescent, stimulation of the venous region in this period 
should give, if contraction  of the vein results,  evidence of the con- 
traction  on the  venous pulse tracing.  Any venous  contraction  re- 
sulting at any other time in the cardiac cycle might give no evidence 
on  the  venous  pulse  curve  because  of  the  presence  of  other  and 
stronger  waves resulting  from  other  cause,  namely, the  a,  c  and  v 
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scribed above, we might expect one of two results.  If the vein con- 
tracts,  a  wave should occur on the  venous pulse tracing, and  after 
a  short period, representing the v-a conduction period, be  followed 
by the  auricular wave.  On  the  other  hand,  if  the  venous  region 
does not contract as a  result of the stimulation, but simply develops 
and transmits the impulse to the auricles, no wave should occur on 
the venous pulse until the  a  wave and this  should be  followed by 
the  ventricular contraction after the regular  a-c  interval. 
In  the  numerous  extrasystoles  from  stimulation  of  the  venous 
region of  the heart  obtained  in  these  experiments,  the  latter  con- 
dition described  above  was  the  one  invariably present.  No  wave 
which could be  referred to a  contraction of the  venous  region oc- 
curred  in  any case.  An  example  is  given  in  Plate  XXI,  Fig.  8. 
There are shown in this tracing three extrasystoles from stimulation 
of the venous region of the heart near the auricle.  In the first two 
extrasystoles only does the incidence of stimulation fall in the period 
of quiescence of the venous pulse between the h  and a  waves. 
Interpretation  of  Fig.  &--The venous  sound  in this  case  was  at  a  point just 
above the  entrance  of  the  great  veins into the  auricle.  The  a-c  interval  in  the 
first cardiac  cycle before  the  first  extrasystole  is o.o84  of  a  second.  The  length 
of  the  complete  cardiac  cycle  in  this  case  is  o.41  second.  In  the  first  exfra- 
systole,  which  results  from  a  stimulus  falling in  o.2  second  after  the beginning 
of  the  previous  ventricular  contraction,  there  is  no  wave  on  the  venous  pulse 
until o.o94  second  later,  when a  wave  occurs,  evidently the  a  wave,  with  an  a-c 
interval  of  0.o73  second.  The  next  regular  a-c  interval  is  o.o84  second,  o.158 
second  after  the  beginning  of  the  next  regular  systole,  the  venous  region  is 
stimulated.  There is no wave on the venous pulse until o.o75  second later, when 
the  a  wave occurs,  with  an  a-c  interval  of  o.068  second. 
In the  third  extrasystole,  the  stimulus  falls o.o8o  second  after  the beginning 
of  the  preceding ventricular contraction  and  about  o.o2  second  after  the begin- 
ning of  the v  wave,  the  result  of  the previous  ventricular systole.  The  v  wave 
retains  the  usual  shape  and  duration  shown  in the  previous  cardiac  cycles,  and 
o.o68  second  after  the incidence  of  the  stimulus,  the auricle contracts  as  shown 
by the a  wave  on the venous pulse;  o.o89 second later the ventricle contracts. 
The  time  from  the  incidence  of  stimulus  to  contraction  of  the  auricle  rep- 
resents  the v-a  interval plus  the  latent period  of  the  auricle.  The  v--a interval 
in  the  dog  varies  between  0.o2  and  0.04  second.  The  remainder  of  the  time 
consumed  represents  the  latent  period  of  the  auricle,  which,  except  in 
early  extrasystoles,  varies  between  0.025  and  0.05  second  (Hirsehfelder  and 
Eyster  (14)). 
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Time from incidence 
of stimulus  to con- 
Cardiac cycle,  traction of auricle,  a-t  interval. 
Normal  cycle  .................  o.084 
First  extrasystole  .............  0.094  o.o73 
Normal  cycle  .................  0.084 
Second  extrasystole  ...........  0.075  0.o68 
Third  extrasystole  ............  0.o68  0.089 
Occurrence of 
stimulus  after be- 
ginning of pre- 
ceding ventricn- 
lar systole, 
0.200 
on58 
0.080 
Plate  XXI,  Fig.  9,  shows  an  extrasystole  arising  from  stimula- 
tion of the  right  auricle.  After a  latent  period much  shorter  than 
in the extrasystoles shown in Fig. 8, the auricle contracts, and this is 
followed, after the usual a-c interval, by contraction of the ventricle. 
It is evident, therefore, that while a stimulus applied to the venous 
region  of the  dogs heart  will cause an  extrasystole,  with  the  pres- 
ence of a  definite period of veno-auricular  conduction,  that  no con- 
traction of the venous region occurs which is sufficiently pronounced 
to  influence the venous pulse.  It would seem probable  that  in  the 
dog  under  approximately  normal  conditions,  the  venous  region  of 
the heart,  although  capable of developing an impulse  from a  stimu- 
lus  and  transmitting  the impulse to the auricle,  does not itself con- 
tract.  As is well known, under certain abnormal conditions, namely, 
asphyxia and interruption of the circulation, this region may develop 
contractility. 
SUMMARY AND  CONCLUSIONS. 
A  wave is  described  occurring  in  the  venous  pulse  of  man  late 
in the  diastolic period.  This  wave is a  diastolic wave,  since  in  an 
increase  in length  of the  cardiac  cycle it  follows the  h  wave at  its 
regular  interval  and  becomes  separated  from  the  a  wave  of  the 
next cardiac  cycle.  There  is no wave on the venous pulse  in  man 
which  can  be referred  to  a  contraction  of  the  region  of  the  great 
veins or sinus  region  of the heart. 
The  h  wave  is  a  normal  occurrence  in  the  venous  pulse  curve 
from  man  and  the  dog.  It  occurs,  according  to the  experience  in 
this work, in all normal  individuals  in which the heart  rate  is suffi- 
ciently slow to prevent its obliteration by the a  wave.  The x  wave, 
while not  infrequent,  is  not  always  present  in  man  even when  the 
cardiac cycle is of sufficient length to prevent its obliteration by the 
a  wave.  This  wave has not been observed in  the  dog. J.  A.  E.  Eysler.  267 
There is  no wave  on the  venous pulse curve of the  dog that  can 
be referred to a contraction of the sinus region of the heart.  Extra- 
systoles  from  stimulation  of  the  venous  region  of  the  dog's  heart 
produce no contraction  of this  region sufficiently pronounced to be 
recorded  on  a  venous  pulse  tracing.  After  an  interval  of  from 
o.o  7  to o.I  second,  representing the  interval  of veno-auricular con- 
duction  plus  the  latent  period  of  the  auricle,  the  auricle  contracts. 
Extrasystoles  from stimulation  of the  right auricle show,  after an 
interval  following the stimulus  much  shorter than  that noted above 
and representing the latent period of the auricle, an a  wave followed 
by ventricular  systole after the  usual  a-c  interval.  It  would  seem 
probable that the sinus region of the heart, while capable of irritabil- 
ity,  conductivity and  rhythmicity  (Erlanger  and  Blaekman  (I6)), 
does not normally manifest  contractility. 
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EXPLANATION  OF  PLATES. 
PLATE  XX. 
FIG.  I.  Venous  tracing  from  a  normal  man.  Top  line  is  jugular  tracing; 
middle  line,  carotid  pulse;  bot~tom  line,  time  in  .2  second.  Pulse  rate  58  per 
minute.  Record  should  be  read  from  left  to  right. 
FIG.  2.  Venous  tracing  from  the  same  individual  as  Fig.  I,  shortly  after 
exercise  with  a  pulse  rate  of  98  per  minute.  Upper  line  is  carotid;  lower, 
jugular.  Record  should  be  read  from left to  right. 
FIc.  3.  Showing  three  cardiac  cycles  from  a  normal  man.  Upper  line  is 
jugular;  lower,  carotid  pulse.  For  description  of  record  see  text. 
FIG.  4.  Showing two cardiac cycles  from  a  normal  man.  Top  line,  jugular; 
middle,  carotid pulse;  bottom  line, time in  .2  second.  For description,  of  record 
see text. 
PLATE XXl. 
FIG.  5.  Venous  pulse  from  a  dog  during  light  Faradic  stimulation  of  the 
peripheral  end  of  the  right  vagus.  Top  line  is  tracing  from  sound  in  right 
auricle;  second  line  from  top,  record  of  a  Hiir(hle  manometer  connected  with 
sound  in  left ventricle.  The  straight  line at  lower portion  of  the latter  tracing 
is  the  line  of  zero  pressure  for  the  manometer.  The  third  line  from  the  top 
is the carotid pressure  recorded by another  Hiirthle manometer,  the line of  zero 
pressure  of which  is the bottom line.  The  time record  between these two  is  in 
intervals  of  .2  second.  The  record  is  to be  read  from  left to  right. 
FIo.  6.  Venous  tracing  from a  normal  man.  Top  line, carotid;  middle line, 
jugular  tracing.  The  bottom  line  records  the  time  in  intervals  of  .2  second. 
Pulse  rate  6o per  minute.  For  description  of  numbers  see  text.  Record  is  to 
be  read  from  left to  right. 
FIc.  7.  Venous  tracing  from  same  individual  as  Fig,  6.  Pulse  rate  43 
per  minute. 
Fic.  8.  Venous  tracing  from  dog  with  open  thorax,  showing  three  extra- 
systoles  from stimulation  of the venous region of the heart with single induction 
shocks.  The top line records  the venous tracing.  The  second line from  the top 
records  the  contraction  of  the  ventricles,  the  down  stroke  representing  systole. 
The  third  line  from  the  top  records  the  time  in  intervals  of  .2  second.  The 
bottom  line  marks  the  incidence  of  stimulation.  For  interpretation  of  record 
see text.  Record is to be read  from left to right. 
FI6.  9.  Tracing obtained  from a  dog under  conditions  similar to that  shown 
in Fig. 8.  The extrasystole, however, arises from stimulatior~ of the right auricle. 
For interpretation  of record see text.  Record is to be read  from left to right. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XII.  PLATE  XX. 
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